Patients in the Birmingham region who are treated with radio-iodine are kept under continued surveillance by means of a follow-up system, which effects periodic screening for hypothyroidism. In this follow-up system, which is described elsewhere (Barker and Bishop, 1969) , the serum protein bound iodine (PBI) is measured at intervals of 21 months. Nine months before serum PBI measurement is due a postal questionnaire is sent to each patient. It comprises nine questions, each of which elicits a symptom of hypothyroidism and must be answered 'Yes' or 'No'. If at any time replies to the questionnaire, or the level of the serum PBI, suggest hypothyroidism, the patient is referred to the out-patient clinic for full medical assessment.
METHOD OF ANALYSIS OF THE QUESTIONNAIRE After a preliminary study, completed questionnaires were received from 338 patients, of whom 65 were subsequently shown to be hypothyroid. The decision that a patient was hypothyroid, and required thyroxine, was made independently of the questionnaire replies; so that it was possible to devise criteria from the 338 questionnaires which would enable questionnaires received subsequently to be classified as euthyroid or hypothyroid.
The nine symptoms elicited by the questionnaire were malaise, cold intolerance, loss of appetite, loss of energy, increase in weight, change in the voice, fullness of the face, dryness or roughness of the skin, and untidiness of the hair. None of these symptoms is specific to hypothyroidism. They occur in patients who have other disorders or who are ageing. Since almost all patients are older than 50 at the time of treatment with iodine-131 (1311) the subsequent development of such symptoms as cold intolerance in euthyroid patients is not uncommon. Questionnaires cannot therefore be identified as coming from hypothyroid patients by the presence of certain specific symptoms. It is necessary to adopt a more complex method of classification, the criteria for which will depend upon the presence or absence of nine symptoms in any individual.
Theoretically there are (22C 2) different criteria which can be used to define a subgroup from a group of individuals, each of whom may or may not have any one of n symptoms. Thus within a group of patients in whom two symptoms A and B may be either present or absent 14 different subgroups of patients can be defined. These subgroups are listed in Table I where, for example, the sub- will therefore require periodic review.
Analysis of the questionnaires is carried out by computer, which calculates the highest value of x and, if this exceeds 39 %, prints out a directive that a serum PBI value is required at once. The patient is referred to the out-patient clinic if the PBI is abnormal, otherwise follow-up is continued by another questionnaire sent in one year's time. If the highest value of x exceeds 49%, the patient is referred to the out-patient clinic irrespective of the PBI result. Of such patients 43 % are hypothyroid (Table II) , and for this reason it seems desirable that the diagnosis of hypothyroidism should be excluded after full medical assessment in addition to a single measurement of the serum PBI.
The values of x are calculated by reference to data which are stored on magnetic disc, and which are derived from questionnaires returned by patients whose thyroid state has been subsequently determined. This store comprises two arrays of 511 units, each corresponding to a particular combination of symptoms. Data from hypothyroid patients are stored in one array, and those from euthyroid patients in the other. The initial data in the store related to the 338 patients in the preliminary study, but as more patients come under review more completed questionnaires are added to the store. If a questionnaire is followed by a normal serum PBI nine months later (or immediately if the questionnaire is classified as 'suspected hypothyroid'), the questionnaire is stored in the euthyroid array. If a questionnaire is followed immediately by an abnormal serum PBI, it is classffied as euthyroid or hypothyroid, according to the decision made when the patient attends the out-patient clinic. If a questionnaire is COMPUTER ANALYSIS OF HYPOTHYROID PATIENTS followed by an abnormal serum PBI nine months later, it cannot be stored, as the patient's thyroid state at the time of completion of the questionnaire is unknown. In this case another questionnaire is sent to the patient at the time of attendance at the clinic. The stages in the analysis and storage of questionnaires are shown in the Figure. it was subsequently shown to give a sufficiently small number of 'false positives' and 'false negatives.' The method requires no assumptions about the dependence or independence of symptoms, whereas in statistical methods based on Bayes's theorem, which have been widely used in automated diagnostic systems, it is necessary to assume that Print-out (Table II) show that a proportion of hypothyroid patients will be misclassified as euthyroid, and it is clearly necessary to use postal questionnaires in association with a more accurate screening test such as the serum PBI. If the postal questionnaires were not used in the follow-up system this test would have to be performed more frequently, with the need for additional hospital visits by the patient and with an increase in the cost of the system. In the preliminary study one hypothyroid patient admitted to no symptoms either in reply to the questionnaire or at subsequent interview, and it therefore seems that no screening procedure which depends on symptoms can identify all of those with the disorder.
The method used to classify the questionnaires is an empirical one, selected because it conformed with certain assumptions which can be made about the natural history of hypothyroidism, and because symptoms are independent. For the reasons already given, it is impossible to explore all the empirical methods which could be devised to classify the questionnaires, and it is likely that some of these methods would give more discriminating results than the method used. It is, however, of interest that by the use of one obvious alternative method, in which patients are classified as hypothyroid when more than a certain number of symptoms are present, it is not possible to obtain such good discrimination between hypothyroid and euthyroid patients. If patients in the preliminary study are classified as hypothyroid when four or more symptoms are present, 44 (67 %) hypothyroid patients are correctly classified but 112 (41 %) euthyroid patients are incorrectly classified.
During analysis of a questionnaire the values of x are calculated by reference to a store of data, which is continuously supplemented as the follow-up progresses. This enables each questionnaire to be classified after reference to all data collected up to that time. Periodically it will be necessary to review the threshold value of x which divides euthyroid and hypothyroid patients, since the proportion of hypothyroid patients in the group being screened will change. After the follow-up system has been in operation for some years it may become possible to classify a questionnaire by comparison with previous replies from the same patient, rather than by reference to the frequencies of symptom-combinations among all patients in the group.
A group of screening procedures which forms part of a periodic health examination in San Francisco includes a questionnaire eliciting symptoms of bronchial asthma (Collen, Rubin, Neyman, Dantzig, Baer, and Siegelaub, 1964) . There are six questions and therefore 26 or 64 ways of completing the questionnaire. The statistical method used to classify the questionnaires is based upon a method described by Neyman (1950) . For each of these 64 types of reply likelihood ratios are calculated by relating the proportion of asthmatic patients who gave the reply in a preliminary study to the proportion of non-asthmatic patients. In the screening programme patients are classified as asthmatic if they give a reply for which the likelihood ratio exceeds a predetermined limit. This method seems to have no advantage over the one used in the present study. Mathematically, calculation of likelihood ratios is unnecessarily complex, since the same classification would be obtained by relating the numbers of asthmatic and nonasthmatic patients giving each reply. Furthermore, it does not seem that this empirical classification needs a formal basis in theories for testing statistical hypotheses. A method based on consideration of each type of reply to the questionnaire is of limited use, since as n, the number of questions, increases, 2n, becomes very large; and it would require a very extensive preliminary study to establish the frequencies of the disorder associated with more than a small proportion of the total number of types of reply.
The results of analysis of replies to postal questionnaires cannot be compared with other published results of analyses of data on hypothyroidism, since these have depended on information elicited from interviews and clinical examination. Billewicz, Chapman, Crooks, Day, Gossage, Wayne, and Young (1969) However, the method of classification which we have described seems more appropriate to the theoretical requirements of the data than one derived from comparisons of frequencies of individual symptoms. If, during the evolution of hypothyroidism in patients, symptom A develops at the same time as B, and C develops with D, then a patient who has A and C may not be correctly classified as euthyroid if the method of analysis depends only on consideration of frequencies of individual symptoms. The symptom of dryness of the hair was not included in the diagnostic index because it was found to occur more frequently among euthyroid than hypothyroid cases. However, it is possible that, in combination with one or more other symptoms, dryness of the hair is characteristic of hypothyroidism.
With even a small number of symptoms the numbers of combinations which may occur is very large; and it has hitherto been impossible to obtain quantitative statements about the significance of particular combinations of symptoms, or of signs or laboratory results. However, because computers have the facility of storing large arrays of data, patterns of clinical attributes shown by patients can now be recorded. This offers a new method of studying clinical situations. SUMMARY A postal questionnaire which elicits symptoms is used as part of a screening system for patients at special risk of hypothyroidism. Completed questionnaires are analysed by computer, and those returned by hypothyroid patients are recognized by the presence of particular combinations of symptoms associated with a high frequency of the disorder. It is suggested that similar analyses of combinations of symptoms, signs or laboratory results will provide information that will assist clinical decisions. 
